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I, the undersigned, being an officer duly authorised in accordance witii Section 74(1) and 
(4) of the Deregulation and Contracting Out Act 1994. to sign and issue certificates on 
behalf of the Comptroller-General, hereby certify that annexed hereto is a true copy of 
the international application filed on 06 AUGUST 2003 under the Patent Cooperation 
Treaty at the UK Receiving Office. The appUcation was allocated the number 
PCT/GB2003/003419. 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company 
named m this certificate and any accompanying documents has re-registered under the 
Companies Act 1980 with the same name as that with which it was registered 
unmediately before re-registration save for the substitution as, or the inclusion as, the last 
part of the name of the words "public limited company" or their equivalents in Welsh, 
references to the name of the company in this certificate and any accompanying 
documents shall be treated as references to the name with which it is so re-registered. 

In accordance with the rules, the words "pubUc limited company" may be replaced bv 
p.l.c.,plc,P.L.C.orPLC. ^ if j 

Re-registration under the Companies Act does not constitute a new legal entity but 
merely subjects the company to certain additional company law rules. 
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unsaturated compounds using a novel catalyst system. 

The earbonylation of ethylenioally unsaturated compounds 
using carbon monoxide in the presence of an alcohol or 

water and a catalyst system comprising a Group VIII metal, 
eg. palladium, and a ptiosphlne ligand eg. an alkyl 
phosphine cycloalkyl phosphine, aryl phosphinsr pyridyl 
phosphine or bidentate phosphine, has' been described An 

-nuroerouQ HE-u-r0pea«— patents—and-patsnJfe. jaEEAieaMoJii^-t i_?S-*- - ?—r.. 
A-0055875, EP-A-04489472, EP-A-0106379, EP-A-0Z35864, EP- 
A-0274795, EP-A-0499329, EP-A-6386833, EP-A"0441447, EP-A- 
0489472, EP-A-0282142, EP-a-0227160, EE-A-04 95547 and EP- 
A-0495548. In particular, EP"A^O227160, EP'-A-0495547 and 
EP-a"Q 4 95.549 disclose that bidentate phosphine ligands 

provide catalyst systems which enable higher reaction 
rates to be achieved- • WO 96/194 34 discloses a bridging 
group in the ■ f orm of ' an optionally substituted aryl 
jinoiety, linked to the said phosphorous atoms via available 
adjacent carbon atoms on the said aryl moiety. Such a 
ligand is more stable and leads to reaction rates which 
are significantly higher than.: those previously disclosed 
and produces little or no Impurities for earbonylation of 
a range of olefinically unsaturated coidipounds. Each 
phosphorous atom in the said ligand is also linked to two 
tertiary carbon atoms. It has now been found that a 
particular type of tertiary carbon atom is particularly 
advantageous for earbonylation reactions. 
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According to & first aspect • of the present invention there 
is provided a catalyet system capable of catalysing the 
carbonylation of an olef inally unsatvurated compound, which 
catalyst system is obtainable by coitibining: 

(a) a metal of Group VIB or Group VIli B or a compound 
thereof 1 and 

•(b) * a bi dentate phosphine of general formula (I) 



(I) 



(I) 

wherein; 

Ar is a lbridg"ing group comprising an optionally 
substituted aryl moiety to which the phosphorus atoms are 
linked on available adjacent carbon atoms f 

A and B each independently represent lower alkylene; 



Kr D, E and 2 are substituents of the aryl moiety (Ar) and 
each independently represent hydrogen, lower alkyl, aryl;- 

25 Het, halOf cyano, nitro^ OR^^^ bC{0)R^^ G(0)R^^/ C(0)OR^^r 
jjj^l4j^i5^ C(0)NR^^jR*'', G(S)R^^R^\ SR^^ C(0)SR^^ or ' -J- 
(Ad>w(GR^ CR^) (R^) 5 ic where _ J represents lower alkylene; or 
two. adjacent groups selected from K;- Z, D and E together 
with the carbon atoms of the aryl ring to which they are 

30. attached form a further phenyl ring, which is optionally 
substituted by one or more substituents selected from 
hydrogen, lower alkyl, halo^ cyanor nitro^. OR^^, OC(0)R^''^, 
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C(0)R^S C(0)OR^^ NR^^R"^ CCOINR^^R^"^, C{S>R^V% SR" or 



b} to each Independently respresent lower aikyl, aryl, or 
S Hat? 

Ad each independently represent an optionally substituted 
adaanantyl radical bonded to the phosphorous atota via any 
one of its tertiary . carbon atoms, th^ said optional 
snbatitutJLon being by one or more substituenta selected 
10 from hydrogen, lower alkyl, halo, cyano, nitroi- 0R^°, " 
OC(Q)R^S C(0)R«, C{0)OR", NR"r^% C(0)NR^^ C(S)R•^V^ " 



SR^® or C(0)SR**; 



IB. 



to R^^ each independently * represent .hydrogen^ lower" 



20 



25 



15 alfcyl^ aryl or Het; . 

S 5 U = 0, 1 or 2 provided that S 4- U 2i 1; 
T & V « 0^ 1 or 2 provided that T + V £ 3; 
W « X « Q, 1 or 2; 



Q^f and (when present) each independently represent 
phoephoroue, arsenic or antimony and in the latter two 
cases references to phosphine or phosphorous above should 
'be varied accordincfly . 

Preferably, the Group vril B metal is palladium. 



Preferably^ whan K, D, B or Z represent -<J- 
Q^CAdJ^CCR'^^R^) (B^) the respective K, E or Z is on the 
30 aryl carbon adjacent the axyl carbon to which A or B is 
connected or, if not so adjacent, is adjacent a remaining 
Kr Dr B or Z group which itself represents -J- 



20 



4 



• The term "Ar"" or "aryl" when used hereJ-n, includes five- 
to"ten-mem3bered, preferably, six-to-ten menfc^red 
carbocyclic a^om^Cic groups, such as phenyl and naphthyl, 
5 which groups are optionally substituted with, in addition 
to- K, Dr E or Z, one or more- substituents selected from 
aryl, lov^er alkyl (which alkyl group may itself be 
optionally substituted or terminatad as defined below), 
Het, halo, cyano, nitro. 0R^°, OC{0)s", C(0)R^^ CiO)OR^\^ 
10 NR^*R", CC6)NR^V\ SB}\ C(D)SR" or C(S)NR^^R" wherein 

to R^*" each independently represent hydrogen, aryl or 
lower alkyl (which alkyl group may itself be optionally 
subsfclfEuefe'd- • or terminated aa -defined- bei©w-) . - 

iS By the term "a metal of Group VIB or Group VIIIB" in a 
■ compound of foriflula I we include metals such as Cr, Mo, W, 
Fe, CO, UXr Ru, J^h, OS, Ir, Ft and Pd. Preferably, the 
metals are selected from Ni, Ft and Pd, For the avoidance 
Of doubt, refarsinoes to Group VIB or VII IB metals herein 
should be taken to include Groups 6, 8^ 9. and 10 in the 
modern periodic table nomenclature. 



The term ^^Het", when used herein, includes four-to-twelve- 
laembered, preferably four-to-ten-membered ring systems, 

25 which rings contain one or more heteroaitoms selected from 
nitrogen, ■ ojtygen, sulphur and mixtures thereof, STJ,d which 
rings xnay -• contain one or more double bonds . or -be non- 
aromatic,- partly aromatic or wholly aromatic, in character. 
The ring systems may be monocyclic, bicyclic or fused. 

30 Each "Het" group identified herein is optionally 
substituted by one or more substituents selected from 
halo, cyano, nitro, oxo," lower alkyl (which alkyl group 
laay • itself b© • optionally substituted or termiuatsd as 
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definad below) OR", 0C(0)R^S C(0)R",- C(0)0R", NR"r", 
C(0)NR'^R"r SR", C(0]SR" or C(S)NR^^" wherein R" to r" 
each independently rspresesnt hydrogen, aryl or J.pwetf alkyl 
iwhXcih alkyl group itself may be optionally sLibstituted or" 
5 terminated as defined below) . The term '^Hef thus includes 
groups puch as optionally subetitutad. azetidinyl, 
pyrrolidinyl, imida^olyX, indolyl, furanylr oxazolyl, 
isoxazolyl, oxadiazolyl, thiazolyl, thiadiazolyl, 
tj^iazolyl, o^tatriazolyl, thiatriazolyl, pyridazinyl, 

\<i laorpholinyl, pyrlmidinyl, . pyrazinyl, qainolinyl, 
isoquinolinyl, piper idinyl, pyraxolyl and piperazinyl. 
Substitution at Het may be at a carbon atom of the Het 

^rinrg — ox^ — ^ •Brher-a-"--appxopi=i-at-e-?- '.-Tat--oji« ©^..-nao^e- -of ... .the-.. 

heteroataois . 



■*"Hst" groups may also be in the form of an N oxide. 

The term * lower alkyl"- when used herein, means Ci to Cio 
alkyl and includes methyl, ethyl, propyl, butyl, pentyl, 
hexyl and heptyl groups. Unless otherwise specified, alkyl 
groups mayr when there is a sufficient number of carbon 
atoms, bo linear or branched, be saturated or unsaturated, 
be oyolic,. acyclic or part cyclic/acyclic, and/or be 
substituted or terminated, by one or more subatituents 
selected from halo, oyano, nitro, OR'-S OG(0)R■^^ C(0)r", 
C(0)OR*^ NR"r", C(0)KrR"R", SR^^ . CCQ)SR", C(S-}ira"R", 
aryl or Het, wherein r'"" to R^' each independently 
represent .hydrogen, aryl or lower alkyl, and/or be 
interrupted by one or more oxygen or sulphur atpma, or by 
silano or dialkylailcon groups. In addition, in the case 
of substituants on the adamant yl group, more than one 
lower alkyl group subatituent may themselves combine to 
form a composite group for example a cyclic composite 



group. An example of an adamant yl substituted in this way 
is congressane. 

Lower alkyl groups or alkyl groups which R^z R% R^r ft'^r 

T^S «6 r^7 08 d9 dIO D^-l d12 -d13 ^14 nl5 qI"? ^ 

Kf Df E ap-d Z may represent and with which aryl and Het 
may be substituted, may, w^hen there is a sufficient nuipjaer 
^ of carbon atoms ^ be linear or branched, be saturated or 

unsaturated, be cyclic, acyclic or^ part cyclic/acyclic, 
10 and/or be interrupted by one or more of oxygen or sulphur 
atoms, or by silano or dialkylailicon groups, and/or be 
! substituted by one or more substituepts selected from 

- 7— -Ka1Lo---cyan-ov---ni-trov- "OR^S --©^^^^ -G^-a),.Ri?^ .-acOioa^^. 

NR^'R'^ C(0)taR''R^^ SR^% C(0>SR^^ CCS)NR^V, aiTyl or Het 
15 wherein R^° to R^^ each independently represent hydrogen^ 
aryl or lower alkyl. 

Similarly, the term ^^lower alkylene^^ which A, B and J 
(when present) represent in a compound of fopjaula I, when 
20 used herein,, includes Cx to Cio groups which are bonded to 
other moieties at least at two places on the group and is 
otherwise defined in the same way as ^'^lower alkyl"'. 

I Halo groups with which the above-mentioned groups may be 

I s's substituted or* terminated include fluoro, chloro; bromo 

and iodo. 

Where a compound of a formula, herein contains an alkenyl 
; group/ cis (E) and trans (Z) isomerism may also occur- The 

i 30 present invention includes the individual stereoisomers of 

i the compounds of any of the formulas defined herein and, 

; where appropriate^ . the individual tautomeric forms 

thereof^ together with mixtures thereof. Separation of 



diastereoisomers or eis and trans isoijusra may be aohJ-eved 
by conventional teohniguea, e.g. by fractional 
crystaj-lisation,' chrojnatograplxy or' H.P.L.C. of a 
stereoisomeric mixture of a conqpound one of the formulas 
or a suitable salt or- derivative thereof. An individual 
eriantiomar of a compound of one of the formulas may also 
be prepared from a corresponding optically pure 
intermediate or by resolution, such as by H.P.L.C. of the 
corresponding racemate, using a suitable chiral support or 
by fractional crystallisation of the diaatereoisomeric 
salts formed by reaction of . the corresponding racemate 
with a suitable optically active acid or bass, as 
"^appropidrate— - - . 



All stereoisomers are included within th^ scope of the 
process of the invention. 

It will be appreciated by those skilled in. the art that 
the compounds of formula (b). I may function as Uganda 
that coordinate with the Group VIB or VII IB metal or 
compound thereof (a) to form the aompounda for use in, the 
invon-bion. Typically, the Group VTH or VIIIS metal or 
compound thereof' (a) coordinates to the one or more 
phosphorous r arsenic and/or antimony atoms of the compound 
of formula I. ' 

Preferably, R^- to each independently represen;t lower 
alkyl or aryl. More preferably. to _ each 

independently represent Ci to Cg alkyl, Ci-C^ alkyl phenyl 
(wherein the phenyl group is optionally substituted as 
defined herein) or phenyl (wherein the phenyl group is 
optionally substituted as defined herein) . Evan more 
preferably, R*" to each independently represent Ci to Cg 
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alkyl, which ±3 c^ptionally substituted as defined bsrein. 
Most preferablyr b} to each represent non-sobstituted Ci 
to C« alkyl such as methyl, ethyls li-propyl, iso-propyl^ 
n-butyl, iso^-butyl, tert-butyl^ pentyl^ he*:yl and 
cyclohexy 1 , 



10 



Alternatively, or additionally, each of the gro.ups to 
R^^ to and R'' to together independently may form 
cyclic structures such as 1-norbornyl or l-norbornadienyl- 
Further examples of composite groups include cyclic 
structures fqrtned between R^-R^. Alternatively, one ot 
more of * the group's may represent" a solid phase to which 
■*"tBja"*ll"gaiixa;^^^ 



15 



20 



25 



30 



En a particularly preferred embodiment of the present 
invention R^, and r'' each repre3ent the same lower 

alkyi, aryl or Het moiety as defined herein, R^r R^ and a* 
each represent the same lower alkyl, aryl or Het moiety as 
defined herein, and R^, R*' and each represent the same 
lower alkyl ^ aryl or Het moiety as defined herein. More 
preferably R*, R* and each represent the same Ci-Cg 
alkyl ^ particularly non-sutostituted Ci-Cg alkyl, auch as 
methyl p ethyl, n-propyl;. iso-propyl, n-butyl^ iso-butyl, 
tert-butyl, pentyl, hexyl or cyclohexyl; R^, R^ and each 
independently represent the same Ci-Cg alkyl as defined 
above; and R^, and R^ each independently represent the 
same Ci-C^ alkyl as defined above. For exajnpla: R^, . R'* and 
R*^ each represent methyl; R^^ .R^ and each r(&present 
ethyl; andx R^ and R^ each represent n-butyl or n- 

pentyl , 



In an especially preferred embodiment of the present invention 
each R^ to group represents the aame lower alkyl, aryl/ or 



B5-nus-EBB3 ffi!37 FRDH:H=H_efflRD LEES-LEEDS 8113&I6547E 



TO: +01633 814444 



P. 018 



Hat moiety as defined herein. Preferably, each to B? 

repreaenta the same Ci to Cg alkyl group^ particsularly nois- 
substituted Ci-Cg alkyl, such as methyl, ethyl, n-pxopyl, 
±so-propyl, n-butyl^ iso-butyl, tert-butyl^ pentyl^ hexyl 
and cyclohaxyl. Most preferablyr each JR.\ to repiosents 
methyl - 



10 



Th the compound oS formula X, preferably each Q^, 0^ and 
(when present) are the 3aBie- Most preferably^ each Q^, and 
(when present) represents phosphorous. 



15 
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preferahly,. in the compound of formula I, A, B and cr (when 
present) each independently represent Cx to alkylene which is 
opHonaily " ""suBi^^ -def^i^ed- -hiM:si-n>-- ..fo3?. --example.. .sdLth.. 

lower alkyl groups. Preferably, the lower alkylene groups which 
A^' B and J (when present) repreaent are non-substituted, a 
particular preferred lower alkylene which A, B and J may 
independently represent i^ -CHa- or -CgH:*-. Woat preferably, 
each of A, B- and J (when present) represent the aaane lover 
alkylene as defined, herein, particularly -CHa-. 



Preiferably^ in coiupound of formula I when K, D, E or Z does 

not represent J^Q^ (Ad) v (CR*' (R®) (R^) ) 5,, . K, E or 2 represents 
hydrogen, J.ower alkyl^ phenyl or lower alJcylphenyi . More 
23 preferatsly, K, D, E or 2 represent hydrogenr phenyl, Cx^Cr 
alkyiphenyl or Ci-C^ alkyl ^ such as methyl, ethyl, propyl, 
butyl, pentyl and hexyl- Most preferably, K, * v, E anca/or S 
represents hydrogen. 



30. 



35 



Preferably, In the coiupound of formula I when K, e and Z 
together with the carbon atoarja of the aryl ring to whiah they 
are attached do not form a phenyl ring, ft, D, B and 2 eacsh 
independently represent hydrogen, lower alkyl, phenyl or lower 
alkylphenyl. More praferahly, D, E and Z each independently 
represent hydrogen, phenyl, Ci-C« alkylphenyl or Cj^Ca alkyl,. 
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sucti as methyl, ethyl, propyl^ butyl, pexityl scad hexyl. Ev<^n. 
mors preferably, K.. D, E and Z jrepresent the same «5\abstituent , 
• Mo3t pre ferablyr they repredeat hydrogen. 

5 Preferably^ in the compov?nd of formula I when D/ E cr Z does 
not represent -J-Q^ iAd) ^(Cr'' (R^) (R^))x ^d K, 0, E and Z together 
with the carbon atoms of the aryl ring to which they are 
attached do not form a phenyl ring^i each of K, D, E and Z 
represent the same group .seleoted from hydrogen, lower alkyl, 
* 10 arylr or Set ad defined herein? particularly hydrogati or Ci--Cc 
alkyl (more particularly unsuhstitutad Ci-tg alkyl) ^ especially 
hydrogen* 

IS and Z together with -the carbon atoms of the aryl icing to which 
they are attached form^ a\ phenyl p:±ng, then the phenyl rin^ ia 
optiojially substituted with one or more subatitueats eelected 
from aryl, lower alkyl .(which alkyl group may itself be 
optionally substituted . or terminated as defined below), 
20 Het, halo, cyano, nitro^ OR^^, 0C(O)R=^S C(a)R^2, CtO)0R^^^ 
NR^^R'^^, C(0)iyR"R^% SR^^ C(a) SR^» or C(S)Nr1«r1^ wherein R^^ 
to each independently represent hydrogen ok lower 

alkyl <which alkyl group may itself fas optionally 
' substituted or terminated as defined herein) , More 
25 preferably, the phenyl ring is not aubstitutad by any 
subatituents i.e. it beara hydrogen atoma only. 

Preferred compounds of formula I include tho^e wherein: 

30 - A and B each independently represent: unsubstituted. Ci to C< 
alkyl ene; 

D/ z and BJ each Independently represent hydra^^-anr Cj-Cs 
alkylr phenyl, Ci-Cg alkylphenyl or . - J-Q^ (Ad) „ (CR'' (R^) CR') ) x 
35 where J represents unsubstituted Ci to Cs alkyXene; or two of K; 
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D, z and E together wltJi the carbon atoms of the aryl riag to 
which they &K& attached form a phenyl ring which is optionally 
substituted by one or more substitueata ael*oted from lower 
alkyl, phenyl or lowei: alkylphenyl. 

to r' each independently represent Ci to Ca alley! r phenyl or 
Ci to Co alkylplienyl . 

g^thgj preferred compoimda of formula I include those wherein: 
A. an<4 B both represent -CHa- or -C2H4-1 particoiarly -CHj-; 

K, D, Z and E each independently represent: hydrogen, Ci-Cg alkyl 
-pK^nyl - -or • Ca-Cff -al-kyi -^p— J-Q^- ^A^U;^^U^-)-iR')-U--^^^^^^ 
the same as A; or two of K, D,. E and Z together witH the 
carbon atoms of the aryl ring to which tbay are attached fOKPi 
an uneubstituted phenyl ring; 

b} to (when present) each independently represent Ci to Ca 
20 alkyl and S+U i 3; 

Still fvrther preferred coinpounds of foiaaula 1 include those 
wherein: 

2S to (when preaent) are the. same and each represents Ci to 
alkyl/ partioularly methyl and S + U 2: 3. 

Still further .preferred compoand& of formula I inclada those 
wherein: j. : ^ 
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K," D, Z and E are each independently selected from the group 
consisting of nydxogen or Cx to Cr alkyl, particularly where 
each of K, D, Z and E represent the same group, espeoially 
where oaoh of -K, D, Z and E represent hydrogen; or 
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K xepreservts -CH^-Q' CAd) w (CR"' (R^) (R^) )« and D,- £ and B are each 
independently selected from the group consi-sting of hydrogen or 
Ci to Co -aikyl, particularly where both D and E raprasSlit the 
same group, especially where D, 2 and B represent hydrogen. 

Especially preferred specific conipoiinda of fonnula I include 
those wherein.: 

eadh to la the same and represents methyl or S+Tl - 2; 
A and B are the same and represent -CHa-; 
K, D, Z and E are the same and represent hydrogen. 

Especially preferred specific oompoimds of formula I 
"include those wherein Ad' is jiiiied 'tST qV or Qa at" ths. -same- 
position in each case. Preferably, S 1 and u S 1, more 
preferably, S « 2 and u 2 I 'or vice versa, moat preferably 
S fi U = 2, 

Tha present invention provides a. prpcass for the 
carbonylation of an ethylenically unsaturated compound 
comprising ' contacting- an ethylenically unsaturated 
compound with carbon monoxide and a hydroxyl group 
containing compound in the presence of a catalyst system 
as defined in the present invention. 

Suitably, the hydroxyl group containing compound includes 
water or an organic molecule having a hydroxy 1 functional 
group. Preferably, the organic molecule having a hydroxy!- 
functional group may" be branched or linear, and comprises 
an alkanol, particularly a C1-C30 allcanol, including aryl 
aUcanois, which may be optionally substituted with one or 
more substituents selected from lower alkyl, aryl, Het, 
halo, cyano, nitro, OR", OC(0)Ei^S C(o)R«, C(0)0R", 
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Nr^<»r1^ C(0)NR"R^^ C(S)R^^R^\ SR" or C(0)SR" as defined 
herein- Highly preferred alkanols are Cir-Ca alkanols such 
as methanol, ethanol, propanoic iso-propanol, iso-butanol^ 
• t-butyl alcohol, n-butanol,. phenol and chlorocapryl 
5 g^lGohol* Although the monoalkanols are most prefepr^d, 
poly-alkanols^ preferably ,r selected from di-octa ols auch 
as diols, ' triolS/ tetra-ola and sugars may also be 
utilised. Typically, such polyalkanols are selected from' 
X, 2--ethanediol^ 1, 3-propanediol, glycerol, 1/2,4 

10 butanetriol, 2- (hydroxyinethyl) -1/ 3-p;:opanediolr If 2, 6 
trihydroxyhexana, . pentaerythritol,. l^lfl- 

tri (hydroxymethyl) ethane, nannose, sorbase, galactose and 

c?fh"^^ti-gair3-T ^p-re-f e-r-red --su-gai?-B - i-n-Gl4jide-..-sucrLO.ao.f....fxuotQS 

and glucose. Especially preferred alkanols are methanol 

15 and ethanol. The most preferred alkanol is methanol. 

The amount of alcohol is not critical. Generally, amounts 
are used ±n excess of the amount of ethylenically, 
unsaturated compound to be carbonylated. Thus the alcohol 
20 may serve as the reaction solvent well, although., if 

desired, separata solvents may also be used. 

It ' will . be appreciated that the end product of the 
reaction is determined at .least in part by the source of 
25 hydroxy! group containing" compound used. If" water is used 
as the hydroxyl group' containing compound then the end 
product is the corresponding carboKylic acid, whereas use 
of an alkanol produces, the corresponding ester. 

30 In the process according to the present invention r the 
carbon monoxide may be used in pure form or diluted with 
an inert gas such as nitrogen, carbon dioxide or a noble 
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gas such as argon. Small amounts of hydrogen, typically 
leas than 5% by volvme, may also be present. 

The ratio (volume /voluHie) of ethylentcally unsaturated 
compound to hydxoxyl group containing compound laay vary 
between wide limits an.d suitably lies in the range of 
ijO.l to 1:10, preferably from between 2:1 -to 1:2 and up 
to a large excess of hydroxyl group pontainlng compounds 
when the latter is also the reaction solvent such as up to 
a 50:i excess of hydroxyl group containing compounds. 



The amount of the catalyst of. the invention used in the 
- - ;.-clLrb-6hyl-ation process ---of --the- .e-t-hyleniGall.y--Amsatuiate.d .j. 

compound is not critical. Good results may be obtained 
15 twhen, preferably, the amount of Group VIB or viIXB metal 
is in the range 10"'' to 10"^ moles per mole of 
ethylenically unsaturated compound, more preferably, 10'" 
to 10'^ moies, most preferably 10"^ to 10"^ moles per mole 
of ethylenicaliy unsaturated compound. Preferably, the 
amount of bidentata compound of formula l to unsaturated 
compound is in tha range 10"^ to 10-\ more preferably. 10"^ 
to 10"^ , most preferably, 10"^ to lO'^ moles per mole of 
ethylenicaliy unsaturated compound. 
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Suitably', although non-essential to the invention, the 
carbonylation of an ethylenicaliy unsaturated compound, as 
defined herein may bo performed in one .or mora aptotic 
solvents- Suitable solvents include ketones, such as for_ 
example methylbutyllsetone; ethers, such as for example 
anisole (methyl phenyl ether), 2, 5, a^trioxanonane 
(diglyme), diethyl ether, dimethyl ether, tetrahydrofuran, 
diphenylether, diiaopropylether and the dimethylether of 
di-ethylene-glycpl; esters, such as for example 
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methyl acet at s,. dimethyladipate methyl benzoate^ diinethyl 
phthaisit^ and butyrola-ctone; ^idesr such a? for example 
dirnQthylacetamide^ N--iaethylpyrrolidone and dimethyl 
fomamide/ sulfoxides and gulphones, such as for ex^ple 
S dimethylsulphoxide, di-isopropylsalphone, sulfolane 

(.■hetpcahydrothiophene-2, 2~dioxide) r 2-methylsulf calcine, 

diethyl sulphoner tefcrahydrothiophsne 1;. l-dioxide and 2-^ 
m^thyX-^'^ethylsulfolane; aromatic corapounds^ including halo 
variants of .such compounds eg- benzene, toluene ,r ethyl ben^^pa 
10 o-Kyleiie^ uj-Kylener p-xylener chloroibenzeae, o-dichloirobenzene, 
m~dichlorobenzene; alkan.es, iacludlng halo variants of such 
compounds eg^ hsxane^ heptane , 2,2r3-trimethylpantaji©, 

methvlena chloride axid . ^ ca rbon tetrachlo ride; gitrileg _§g.-_ 

tieiajconitrile and ^e^tonitrile . 

Very suitable are aprotia aolvents having a dielectric 
constant that is below a value of 30 , more preferably in 
the range of 3 to 8, at 298.15 K aijd 1 x lO^Nm"^, In the 
present context r the dielectric constant for a given 

20 solvent ia us^d in its" normal meaning of representing the 
ratio of the capacity of a condenser with that sulDstance 
as dielectric to the capacity of the same condenser with a 
vacuum for dielectric* Values for the dielectric constants 
of common organic . liquids can be found in general 

25 reference, books, such as the Handbook of Chemistry and 
Physics, 76*^*^ edition, edited by David R. Lide et al, and. 
published by CRC press in 1995, and are usually quoted for 
a temperature of about 2Q°C or 25*C, i.e. about 293 ♦ 151c or 
-298.15 Kr and atmospheric pressure^ i.e. about 1 x iQ^bam"^, 

30 or can readily be converted to that temperature and 
pressure using the conversion factors quoted. If no 
literature data for a particular compound is available. 



the dielectric constant may be readily measured using 
established physico-chemical methods. 

For eKaraple^ the dielectric constant of anisole is 4.3 (at 
S 294.2 K)., of diethyl ether ig 4.3 (at 293.2 K) , of 

sulfolane is 43-4 (at 303.2 K) of methylpentanoate is 5.0 

(at 293.2 K) r of diphenylether is 3.7 (at 283.2 K) r of 
' dimethyladipate ia 6.8 (at 293.2 K) , of tetrahydrofuran is 

7.5 (at 295.2 K) , of methylnonanoate ia 3.9 (at 293-2 K) . 
0 A preferred solvent is aniaole. 

If the hydroxy 1 group containing compound is an allcanol, 
■ ''ar»r7p;pro'tii::'''sm*^^^ 
the egter carbonylatian product of the ethylenically 
unsaturated coinpoundr carbon monoxide and the alkanol'is 
an aprotic solvent • 

The process may be carried out in an esccess of . aprotic 
solvent, i.e. at a ratio (v/v) of aprotio solvent to 
hydroxyl group containing compound af at least Irl,. 
Preferably, this ratio ranges from 1j1 to 10:1 and more 
preferably from 1:1 to 5:1. Most preferab.Iy the rario 
(v/v) ranges from 1-5:1 to 3:1. 

Despite the aforegoing it is" preferred that the reaction 
is carried out in the absence of any external added 
aprotic solvent ie, an aprotic solvent not -gesn^rated by 
the reaction itself - 

The catalyst compounds of the present invention may aot a^i 
a '^heterogeneous" catalyst qx: a ^'homogeneous'^ catalyst. 



* ! 
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By ths term "homogeneous" catalyst .we mean a catalyst, 
i.e. a compound of the invention, which is not auppoited 
but ia simply admixed or formed in-situ with the reactaiits 
of the carbonyiation reaction (e.g, the vinyl acetate 
compound, the hydroxyl containing compouAd and carbpn 
monoxide), preferably in a suitable solvent 'as described 
herein. 

By the term "heterogeneous'^ catalyst we mean a catalyst, 
i.e. the conipound of the invention, which is carried on a 
support. 



i' " -Thu^- ac-c-o-taing^ -T!o - a-f urt-Ker - -aspecf •fHeT.present " ihventioE 
provides a process for the caxbonylation of ethylenically 
. 15 uingaturated compounds as defined herein wherein the 
process ia carried out with the catalyst comprising a 
support, preferably an insoluble support. 



20 



25 



30 



Preferably, the support comprises a polymer such as' a 
polyolefin, polystyrene or polystyrene copolymer such as a 
divinylbenzene copolymer or othar suitable polymers or 
oopolymors known to those jskilled in the arr; a sixicon 
derivative such as a functionalised silica, a silicone or 
a silicone rubber; or other porous particulate material 
such as for example inorganic oxides and "inorganic 
chlorides . 

Preferably the support material is porous silica which has 
a surface area in the range of from 10- to 700 m*/g, a 
total pore volume in the range of from 0.1 to 4.0 cc/g and 
an average particle size in the range of from 10 to SOOjm. 
More preferably, the surface area is in the range of from 
50 to SOO m^/g, the pore volume is in the range of from 
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0.5 to 2.5 Go/g and the average particle size is in the 
range of from 20 to 200 jLcm. Most desirably the surface 
area is in the jcange of from lOO to 400 m^/q, the pore 
volume ia in the range of from 0,8 to 3.0 cc/g ai^d the 
• 5 average particle size is in the range of from 30 to 100 
fan. The average pore size of typical porous support 
materials is in the range of from 10 to 1000 A. 
Preferably, a support material is used that has an average 
pore diameter of from 50 to 500 A, and most d6/sirably from 
10 75 to 350 A. It ma,y be* particularly desirable to dehydrate 
the silica at a temperature of from' 100**c to 800^*0 
anywhere from 3 to 24 hours. 

Suitably, the support may be flexible or a rigid support, 
15 the insoluble support is cjbatad and/or impregnated with 
th6 compounds of the process of the invention by 
techniques wall known to thosa skilled in the art. 

Alternatively, tl^e compounds of the process of the 
20 invention are fixed to the surface of an insoluble 
support, optionally via * a covalent bond, and the 
arrangement optionally includes a bifunctional spacer 
molecule to space the compound from the' insoluble support. 

25 The compounds of the invention may be fixed to the" surface-, 
of the Insoluble support by promoting reaction of a 
functional group present in the compound of formula I,, for 
example a .substituent D^. Z and E of the aryl inoiaty,. 
with a compliia^entary reactive group present on or 

30 previously inserted into the support • The coznbination of 
the reactive group of the support with a complimentary 
substituent of the compound of the invention provides a 
heterogeneous catalyst where the compound of the invention 



i 
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and the support are linked via a iinkage such as an ether, 
ester, amide, amine, urea, fceto group. 

The choice of reaction conditions to link a oompound of 
5 . the process of the present invention to the support depend 
upoa the ethylenically unsaturated compound and the 'groups 
of the support. For exaitiple, reagents", such as 
carbodiimides, 1, l'-cart>onyldi imidazole, and ptocagges 
such as the use of mixed anhydrides, reductive artiination 
10 way be employed/ 

According to a further aspect, the present invention 
provi-des the- Tjse -o-f • the " proc-«s'a p-£ any:"d-5p^^ 
invention wherein the catalyst is attached to a support. 

IS 

ParticulajTly preferred is when the organic groups s', 
fi^, r\ R^, R^, r'', and when associated with their 
respective carbon atom form composite groups which are at 
least as sterically hindering iLa t-butyl. Steric' 
hindrance in this context is as .discussed at page 14 et 
seq of '"Homogenous Transition Metal Catalysis - A Gentle 
Art", b.y c Maatersr published by Chapman and Hall 1981. 
These steric groups may be cyclic, part-cyclic or acyclic. 
When cyclic or part Cyclic, the group may be substituted 
or unsubstituted or be. saturated or unsaturated. The 
cyclic or part cyclic groups may contain, including the 
tertiary ■ carbon atom, from C^-Caa, more preferably Ctf-Cao 
most preferably Cio-Cis carbon atoms in the cyclic 
structure. The cyclic structure may be substituted by one 
30 or more substituents selected from halo, oyano, nitro, 
OR", 0C(0)R", C(0)R", C{0)0R", nr"r", C(ojnr"r", sr", 
C(0)SR", C(S)NR'«r", aryl or Het, wherein r" to r" each 
independently represent hydrogen, aryl or lower alkyl. 
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and/or be interrupted by one or more o?cygen or sulphur 
atoms / or by ailano or dialjcylsiloon groups- 

. The bridging group Ar is an aryi moiety, eg. a phenyl 
. 5 group, which may optionally substituted, provided that 
the two phosphorus atoms are linked to adjacent carbon 
atoms, eg. at the I and 2 positions on the phenyl group. 
Furthermore, the aryl moiety may be a fused polycyclic 
group eg. ' naphthalene/ biphenylene or ind&ne. 

10 

Exajnples of suitable bidentiate ligands are 1,2 bis 
(diadamantylphosphincmethyl) r benzene: and • 1^2 bis 

- - [•<^i-^dama-fi^liph©sph-inem • - -naphtha-i-^ne • • -Addl-tl-onaa-ly ,^ - -th«— - 

bidentate phosphine may be bonded to. a suitable polymeric 
15 aubatrate via at least OAe of the bridging group Ar^ the 
linking group A or tho linking group B- 

•The amount of bldentate ligand used can vary wlchin wide 
limits. Preferably, the bid^ntate ligand la present in an 
20 aiaount. such that- the ratio pf the number of moles of the 
bidentate ligand present to . the numbej: of moles of the Group 
VIB or VIIIB metal present is from 1 to 50 eg. I to 10 and 
particularly from 1 to 5 mol per- mol of me Lai. More 
pref^srably, the molimol range of compounds of formula X. to 
25 Group VIJJCB metal ia in the range of 1:1 to 3:1, most 
preferably in the raage of 1:1 to 1.25:1. Conveniently , the 
poBsibility of applying these low molar ratios is advantageoua^ 
as it avoidg the use of an excess of the compounci of formula I 
and hence minimises the oonsumption of these usually expensive 
30 compounds. Sultably^r the catalysts of the invention are 
prepaired in a separate step preceding their use in-situ in the 
carbonylation reaction of an ethlenically unsatvrated compound. 

Conveniently, the process of the invention may be carried out 
35 by diaaolvintf tbe Group vib or vriip metal or compound thereof 
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as defiaed herein in a suitable advent such as one ot the 
hydroxyl group containing cbmpouuda or aprotlc solvents 
previously described (a paxtJLcxllarly preferred solvent would 
be tbe estsr or acid product of the specific carbonylation 
5 reaction eg. Methyl propionate for ethylene carbonylation) and 
subsequeilktly admixing with a compound of formula I as de;(indd 
horein. 

The carbon monopc;lde may be used in the presence of other gases 
10 which are inert in the reaction. Exarapled of such gases 
include hydrogen^ nitrogen^ carbon dioxide and the noble ga6e^^ 
such a a argon. 

Su±traib-le Group -VHrB- or -vi-l-l-B--Erie-'fe^i-s- or- -a. -Ggrnpou-nd — the-reof-- 

15 which may be combined with a compound 'of formula I include 
cobalt, nickel, palladium, rhodium and platinum* 
Preferably^ _ the Group VlIlB metal ia palladium or a 
compound, thereof. Suitable compounds of such Group VIB oi!" 
VIIIB niecals include salts of such metals with^ or 

20 compounds comprising weakly coordinated anions derived 
from, nitric acid; sulphuric acid; lower alkanoic (up to 
Cj,2) acids such as acetic acid and propionic acid; 
sulphonic a.cide such a.s methane sulphonic acid,, 
chlorosulphonic acid^ . f luorosulphonic acid^ 

25 trif luordmethane sulphonic acid^ benzene sulphonic acid,, 
naphthalene sulphonic acid, toluene ' sulphonic acid, e.g. 
p-toluene sulphooio acid, t-butyl sulphonic acidr and 2- 
-* hydroxypropane * sulphonic acid? sulphonabed ion exahange 
reains; perhailc . acid such ^s perchloric aqid; ; 

30 " halogenated aarboxylic acide such as trichloroacetic acid 
and. trif luoroacetic acid; orthophosphoric acid; phosphonic 
acids such as benzonepho aphonic acid; and acids derived 
from interactions between Lewis acids and Brpansted aoids. 
Other sources which may provide suitable anions inpiude 
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the optionally halogenated tetraphenyl borate derivatives, 
^•g, pe?:flaorotetjraph.enyl bQ«t6, Additloually, z^xO 
valeat palladium cornplexe^ particularly thcsei with labile 
ligands, e.g. triphenylphosphine or alkenes such as 
* 5 dibenzylideneacetone or styrene or 

j • txi (dibenzylideneacetone) dipalladimn may be used. 

^ The anion may be derived from or introduced as one or more 

of an acid having a pKa measured in aqueous solution at 
10 18 ""C of less than 4# mora preferably^, leas than 3, a salt 
I with a cation that does not interfere with the reaction, 

! e-g. metal salts or largely organic salts such as alkyl 

-| — ainmonilum; — ayfl^a'* a"n33^^eOQr3orr^"guiahr'^*T3'~"'air--^^ 

: break down under reaction conditiona to generate the anion 

15 in situ. Suitable acids and salts include the acids and 
i salts, other than unsubstituted carboxylates, listed 

I Supra . 



I 

^ The guajitity of anion present is not critical to the 

f 20 catalytic behaviour of the catalyst system. The m.c:>lar 
ratio of anion to palladium, may be from iJl to 500 il, 

• preferably from 2;1 to 100:1 and particularly from 3:1 to 

i 30 5 1. Where the anion Is provided by a combination of acid 

j and salt> the relative proportion of the acid and salt Is 

! 25 not ci^itical. As mentioned, the catalyst system of 'the 

; present invention may be used homogeneously or heterogeneously • 

; PK^ferablyr t:he cataiyat ayatem is uaed homogenaoualyr 

The catalyst system of the present invention is preferably 

I 30 constituted in the liquid phase which aXiay be formed by one or 

! more of the reactanra or by the use of a suitable solvent • 
j 

i 
I 



I 




The molar ratio ttie amount of ethlenically unsatuxated 

compound used in the reaction to the amount of hydroxyl 
providing compound is not critical and may vary betwftfifl wide 
limits, og- from 0.001;1 to 100 si ttol/mol, 

5 

The product of the caj:bonylation reaction using the ligand of 
the invention inay be separated from the othexT components by any 
suitabie means. However ^ it ia an advantage of the present 
process that aignif ioantly fewer by-produeta aa^e formed thereby 
10 reducing the need for further purification after the initial 
separation of the product aa may be evicjenced by the 'generally 
significantly higher selectivity^ A further advantage is that 
the other compoiirientE: which connairt the catalyst system which. 

- - ''-may~-be~-xeaycl'ed--andV':or-treuaed 

15 supplementation of fresh catalyst, 

Proferably; the carbonylation is carried out at a temperature 
of between -10 to a50°Cr more prafeuably 0*C to l^O^'C^ most 
preferably 20*C to 120*=^. An eapecially prefierred temperature 
20 is one crhosen between 80**C to 120°C. Advantageously ^ the 
carbonylatlon can be carried out at modera.te temperatures, it 
is particularly -advantageous to be able to c^rry out the 
reaction at room temperature {20*'C) - 

25' Preferably^ when, operating a lov temperature carbonylatlon, the 
carbonylatlon. l3 carried out between -ao'^C to 49^c, more 
preferably, -lO^c to 45"Cr still more preferably 0°c to ^S^^c; 
icioat preferably lO^'C to 4S''C. Eapecially preferred Is a range 
of 10 to SS'^C. 

30 

■Preferably, the carbonylation is carried out at a CO partial 
pressure of between Q.80 x 10^ N.m"^-90 x lO^N-m""^/ xnore 
preferably 1 x 10^ N.m-'^-SS x 10*N.m''S moat preferably 1-30 ac 10^ 
KT.m-^. Especially preferred ia a CO partial pressure of 5 to 
35 20 X lO^N.m"^. 
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Preferably/ a low pressure carbonylation is also enviaaged. 
Pref erabJy^ when operating a • low pressure carbonylation the 
carbonylation carried out at a- CO partial pressure of 

between Q,l to 5 x 10^. m"^ , more preferably 0*2 to Z x lO^ir.ia"^ 
5 most preferably O.S to l.S x 10^N*fti"^* 

XJi^ ethylenically urxpaturated compouuda may be subatituted or 
non-siibstituted with groups as defined above for the "aryJL" • 
group above. Suitable etHtylfenlcaily unaaturated compounds 

10 include ethene, propena^- hexane,' vinyl compounds suoji as \?inyl 
acetates, tieptene/ octene, nonene, decaner -uiide'cen©, dodecane, 
etc up to Cao which may be linear or branched^, oyolic or 
uncyclic or part cyclic and in v^hich the double bortd may take 
any *^o:xt^M.-e — p*D;s±t±TOTr thc-cax-bcn — chain* -and - -which- incl-iidea-' 

15 all stersisoin^;:^ th^ssrebf- The rajcigs of ethylenically 

unsaturated compounds extends to dienas. 

The use of stabilising compounds with the catalyst system 
may also be beneficial in improving recovery of ruetal 
20 which has been lost from thei catalyst system. When the' 
catalyst aysteni is utilized in a liquid reaction medium 
such stabilizing compounds may assist recovery of the 
group VI or ViiiB metal. 

25 Pref^rably^ therefore, the catalyst system includes -in 
a liquid reaction medium a polymeric dlsparsant . 
dissolved in' a liquid carrier, said polymeric dispersant 
being capable of stabilising a colloidal Suspension of 
particles of the group 71 or VIIIB metal .or metal 

3C coinpound of the catalyst system within the liquid 
carrier. 



The liquid reaction medium may be a solvent for the 
reaction or may comprise one or more of the reactants or 
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reaction products themselves. The reactarxta and reaction 
products in liquid form may be miacible with or dissolved 
in a solvent or liquid diluent. 

5 The polymeric dispersant i6 soluble in the liquid 
reaction medium, but should not significantly increase 
the viscosity of the reaction medium in a way which would 
be detrimc^ntal to reaction kinetics or heat transfer. The 
solubility of the dispexsant in the liquid medium under 
10 the reaction conditions of temperature and pre^ssure 
should not be so great as to deter significantly the 

adsorption of the dispersant -molscuie^ onto thei .metal 

J 

part^-ciedr " " " — - - - - 

15 Tixe polymeric disper;^arit is capable of stabilising a 
colloidal suspension of partialea of said group VI or 
VIZIB metal or metal compoiond within the liquid reaction 

c 

medium such that the metal particles formed as a result 
of catalyst degradation are held in suspension in the 

20 liquid reaction medium and are discharged from the 
reactor along with the liquid for 'reclamation and 
optionally for .ro-*us« ifi malcing further quantiti^ss of 
catalyst. The metal particles are normally of colloidal 
■ dimensions^ e.g. in the range 5 - 100 nm average particle 

25 . size although larger particles may form in some cases - 
Portions of the polymeric dispersant are adsorbed onto 
the surface of the metal particles whilst the remainder 
of -the dispersant molecqles remain at least partially- 
. solvated by the liquid reaction medium and in this way 

30 the dispersed group VI or VIIIB metal particles are 
stabilised against settling on the walls of the reactor 
or in .reactor dead spaces" and against forming 
agglomerates of metal particles whiah may grow by 
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collisia^ of particles and eventually coagulate. Some 
agglora^ratjlorj q£ particles may occur even in the presence 
of a Suitable dispersant but s^hen the dispersant type and 
concentration is optimised then such agglomeration should 
6 be at a relatively low. level and the agglomerates may 
form only loosely so that they may be broken up and the 
particles rediaperaed by agitation. 

The polymeric dispersant may include homopolymere or 
10 copolymers including polymers such as graft copolymers 
and star polymers* 

;Pr e^'erabl-y7 tha~-po iymer i c - dis-p enr^-ai-n-t- - -h-a a— -s u-f-f i-ei-e-itt -l-y 

acidic or basic functionality to substantially stabilise 
315 the colloidal suspanaioD of said group VI or VXllB metal 
or metal compound. 

By substantially stsibilis-s is meant that the 
precipitation of the group VI or VltIB metal from the 
20 solution phase is substantially, avoided, 

PaK'ticularly preferred diaperaants for this purpose 
include acidic or basic polymers including carboxylic 
acids r sulphonic acids, amines and amides such as 
25 polyacrylates or • heterocycler particularly nitrogen 
heterocycle, substituted polyvinyl polymers such as 
polyvinyl pyrrolidone or- copolymers of the- aforesaid. 

Examples of such polymeric dispersanta may be selected 
30 from polyvinylpyrrolidone, polyacrylamide, 

polyacrylonitrile, polyethyienimine, polyglycine, 

polyacrylic acid, polymethacrylic acid, polyC3- 
hydroxybutyricacid) e poly-L-leucine. poly'-L-methioninep 
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poly-L-proline> poly-L-aerine^ poly-L'-tyrosine, 

poly. ( vinylbenzen^Q-ulphonic acid} and poiy (viny Isulphonic 
acid) . , 

Preferably, ' the polyineric di^p^jrsant incorporates acidic 
or basic moieties either pendant or within the polymer 
backbone. Preferably, the . acidic moieties . have a 

dissociation constant (pK;^) ©f less than 6.0^ more 
preferably^- less than 5:0^ most preferably leas than 4.5. 
Preferably, the basic moieties have^ a base dissociation 
constant (pK^) being of less than 6.-0^ more preferably 
less than 5.0 and most preferably less than 4*5, pKa and 
pEQb~'fae±ng -mea-stxre^-H.Ti'-di-itut e- -aqu-eours- so-l-ufeion- at- -S-S^C 

15 Suitable polymeric dis-persants, • ia addition to being 
soluble in the ^reaction medium at reaction conditiondsr 
contain at least one acidic or taasia ' moiety/ either 
within the polymer backbone or as a pendant group. Me 
have found that polymers incorporating acid and amide 
20 moieties such as polyvinylpyrollidone (PVP) and 
polyacrylates such as polyacrylic . acid (PAA) ace 
particularly auitatolcs. The molQculair weight of the 
polymer which is suitable for use in the invention 
depends upon the nature Of the reaction medium and the 
25 solubility of -the polymer therein. We have found that 
normally the average moleculac weight is leas than 
100,000.. Preferably^ the-- average molecular weight is in 
the range 1^000 20tt, 000, more preferably^ 5,000 - 

100^000, most preferablyr lO^-OOO - 40^000 e.g. Mw is 
preferably in the range 10^000 - 80,000, more preferably 
20,000 - 60^000 when PVP is used and of the order of 
1,000 - 10,000 in the case of PAA, 
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The effective concentration of the di^sp^iTsant within the 
reaction medium ahDuid be determined for each 
reaction/catalyst system which is to be uaed* 



5 . The dispersed group VI or VllIB metal may be recovered 
from the liquid stream removed from the reactor e*g- by 
filtration and then either disposed of or proceased for 
ra--u3a as a catalyst or other applications. In a 
continuous process the liquid stream may be circulated 
10 through an external heat-exchan«5^r and in such cases it 
may be convenient to locate filters ' for the palladium 
particles in these circtalation apparatus- 



Preferably^ the polymer :metal mas^ ratio in g/g i$ 
X5 between 1:1 and 1000:1,- more preferably^ between 1:1 and 
400:1^ most preferably^ between 1:1 and 200^1* 
Preferably^ the polymer: metal mass ratio in g/g is up to 
1000, mare preferably^ up to 400, most preferably/ up to 
200. 

20 

The ^fallowing- examples -• further illustrate the present 
invention- • . * 

» • • 

(Method 1} * . . 

The preparation of this ligand was carried oat as follows. 

30 1.1 Fxeipaara-hiaA Of (1-Ad} (O) CI 

Phosphorous trichloride (83 cm^, mol) was added 

rapidly via cannula to a ooipbination of aluminium chloride 
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(23.0 gr 0-19 mol) and adamantane [27.2 g, 0,20 itiol) 
•affording a tan suspension. Tha reaction was heated to 
reflux- After 10 mins^ a yellow -orange suspension was 
formed. The reaction was refluxed for a total of 6 h. The 
5 excess PCI3 was xejnoved by distillation at ' a.tinospheric 
pressure ' (BP 75 "C) . On cooling to anibient temperature, an 
orange solid was foiroed. Chloroform (250 cm^) was added 
yielding an orange suspehslonr which was cooled to 0 
Water (150 cn^) was added ©lowly: initially the suspension 

10 viacoaity increased^ but on full addition of water the 
viscosity lessened. Prom this point the reaction wa^ no 
longer kept under an atmosphere of Ar. The suspension was 
Buchner filtered to- rejuove ' the"~'"yeI115w^orah^^ ' solid" 
impurity. The filtrate consisted of a two phase system- 

IS The lower phase was separated using a separating * funnel/ 
dried over MgSO* and Buchner filtered- The volatiles were 
removed via rotary evaporation, drying finally An-vacuop 
• affording an off-white powder- Yield 35.0 g, 99 = 85 

ppm, 99 % pure. FW ^ 332. 85. DP NMRs 

20 

1.2 ^'rerp&ration o£ (l'-Ad)2PH 

LiAlH4 {2.54 gr 67.0 mmol) was added- over 90 minutes to a 
chilled (-10 ''O solution of (l-Ad) 2^(0)01 (IQ.OQ g, 28.3 

25 mmol) in THP. (120 crcL^> . The reaction was allowed to warm 
to ambient temperature then stirred for 20 hr The grey 
suspension was cooled to -10 "^C HCl U<5- ^ 5 cm^ c. HCl in 
50 cm^ degassed water) "was added slowly via syringe 
(initially v«ry slowly due to exotherm of* reaction), 

30 yi©ldiy>g a two pha^e systemji with some solid material in 
the lower phase, Fuxther HCl (- 5 cm' c. HCl") was added to 
improve the separation of the layers. The upper phase was 
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removed vi^i flat ended cannula, dried over MgSO^ and 
filtered via cannula. The volatiles were removed In-vacuo 
af fording ' the product as a white powder, isolated in the 
glovebox- Yield 6.00 70 %. « 17 pprur 100 % pure. FW 
5 ^ 302. 44 -UP NMRr 

1.3 Pr^s^aratioia of (l-Adl)j%PCl 

A. solution of AdzPH (10.5 g, 34.7 inmol) and DBU (6.12 cm^, 
10 4Q.nB xm)al) in toluene ,{250 cm^) was chilled to -10 ''C. 
Phosgene solution (30.0 cm^, 5,6-7 mmol;. was added slowly 
via cannula^ transferring via a measuring cylinder. This 

alf^ordea. K ^hi'ghlty yl s coiaa ^paie ye-l-lovf- -r -^-uspen>£si on ^ - 

Additional toluene {100 ctm^) was added via cannula to 

15 lessen the viscosity and ease . the atiri^'ing. The reaction 
was filtered via cannula affording a yellow filtrate. The 
residue was . washed with additional toluene (2 x IQO cm^) 
and the washings coinbined with the original filtrate. The 
volatiles were removed in-vacuo affording a pale yellow 

20 solidf which was . washed with pentane (2 x 30 cni^, washings 
practically colourless) . The product wa^ dried ^Ji -vacuo 
and isolated In the glovebox as a lemon yellow powder* 
Yield 7. 84 ' q, 67 % . ^^P 139 ppm^ 99+ % pure* FW ^ 

336.88.DNMR: . 



l.fl.l P^ffapasration a£ DI-SODlO-0&!tHO-X21iEHB (DISOD) 

30 

Bu^^Li (2-5 M in hexanes^ 11.28 cin^r 28.2 itimol) was added 
dropwise via syringe over IS minutes to a stirred 
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1 , <3 Pffep^afcxon a£ 
adamantylpliosphiiionLethyl} beneene 
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suspension . of NaOBu^ (cruslied, 2,71 g, 28.2 mmol) , 
xylene (1.15 cm^, 3,4 mmol) ^nd N,NrN',N' - tetramethyl 
ethylene diajnine (TMEDA) (^.^6 avo?, 2B.2 mmol) in heptane 
(100 cm^) . Tlie reaction waa heated at 60 °C for 2 .then 
5 allc>w^d to cool / settle, affording a bright orange solid 
( DISOD) and pale yellov Solution. The solution was 
removed via cannula filtration and the solid washed with 
additional heptane (50 cm^J ajcid dried ix)-vacuo^ 90 % yield 
assuinad, 8,47 mmol. 

0 

1.4.2 Reaction o£ DI-SOTIO-ORTHO'-XOiBWB witih 2 aqiaiv (1- 

A suspension of DISOD (8.47 inmol) iri EtjO (100 cm^) was 
15 prepared a.t -78 *C- A si^aper^sion of Ac^PCl (5.70 16.9 
mmoll in EtaO- IXZQ cra^) was stirred rapidly at -7 8 and 
added via wide-bore cannula to the DISOD suspension. The 
reaction was alloved to warm to ambient temperature and 
stirred for 18 hr affording a pale yellow turbid solution. 
0 Water (degassed, 100 cm ^) added via cannula affording a 
two phase system^ with a great deal of white solid present 
(product) due to the low solubility of this material. The 
upper phase (Et^OJ was removed via cannula. The solid, in 
the aqueous ph^Se was extracted using dichloromethane (200 
cm^) , forming two clear phases. The lower phase (CH;?C1;») 
was removed via cannula and combined with the original 
Eti^O phase.. The vola tiles were removed in -vacuo yielding a 
slightly sticky solid. The solid was washed with pentane 
(200 cm^) with attrition being perforraedr the washings 
being removed via cannula filtration. The white solid was 
dried In-vacuo and isolated in the glovebox as a friable 
white powder. Yield 3.5 g, 59 %, ^ 707*01* 
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^^g {^H^NKTR data :- 5 24 ppm* 

NMR data ;- (400 MHz, CDCI3, 296 K) 5 7.S9'-7-50 (in^ 2H^ 
Ar-JBT) ^ 7-09-6^99 (m, 2H, Ax-M) , 3.01 (d,. 4H^ %h « 3-2 Hz^ 
CSz)r 2.07-1-57 (m, 60H, CioSis) ppm. 

^^C {^H} NMR data :- (100= MHz, CDCI3, 298 K) S 139.4 (dd, Jjq 
= 10.7 Hz, Jk: " 2.3 Hz, Ar-C> |. 131.0 (d/. Jpc = 15.8 Hz, 
Ar--0,. 125.0 {s, Ar-C), 41.1 (d, ^Jp^ - 10.7 Hz. Ad-^C^) , 
37.2 {a, Ad-cf), 36.9 (d, « 22.9 Hz, Ad-C^) , 28. a (d^ 

^Jgc = 7.6 Hz, ^d-C^) _ 22_^0 {dd^ ^Jpg = 22.9 Hk, *Jpc * 3,1 
Hz, CH2)*; 

gjggunple 2 
(method 2> 

2.-1 Di-l-adsinantyl phosphijxip c?bXci»JSidja . Phosphorus 
trichloride (83 cm^, 0-98 mol) was.- added rapidly via 
cannula to a mixture of (freshly sublimed) AICI3 (2e.66g/ 
0.2 mol) and adamantane (27. 2g, O.20 mol) to &ftQX<i a buff 
colouxred suspension. Upon reflux and stirring of the 
solution a tangerine coloured suspension was observed. 
Upon further • ref lu;8: the suspension darkened to * reach a 
deep orange colour. The suspension was -refluxed for a 
total of 18 hrs. Excess phospHorus trichloride VaiS then 
removed via distillatio;i (BP:' 75'*c) to afford an orange 
solid. Upon cooling to ambient temperature, chloroform 
(250 cm^) was added to regenerate the orange suspension. 
The suspension was then cooled to C^C and water (150 cm^) 
was added gradually via syringe. From this point onward it 
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is unnecessazry to employ an inert atmosphere. The orange 
suspension was b-acliner filtered (with celite) to rcsraove 
th© orange solid impurity. The low^r (chlorafot^n^ phase of 
the filtrate was then separated with a separating funnel 
and dried viith magnesium sulphate. After a second buchner 
filtration (with celite) , the solvent was removed from the 
suspension via rotary evaporation, to afford an off white 
solid as the product, yield: 34.89g, 99%, 99% puAre-. FM: 
352.85., ^^P NMR: 5t 86ppra - 

2*2 Dl-l-adam&atiyl pho^pliin©. IaiAlH4 (3.5g^ 7 4mmol) was 
added over 2 hrs to a cooled solution (O'^CJ of di-l- 

: 1 1 

adajuantyl phosphinio chloride {ISg, ^5 jmn6I7"""in~'THP"t250- 
cm^) - The reaction was then allowed to warm to ambient 
terapeKrature and was stirred for 20 hrs. The grey 
auspension was then cooled (0*C) and HCl (75 cra^, IM) was 
slowly added via syringe, to afford a two phase syst&m 
with 5!ome solid present in the lower phase, Concentrated 
HCl fBcm^, IIM) was then added to improve the separation 
of the two layers. The (upper) THF phase was removed via 
cannula and dried over magnesium sulphate. After 
filtration via cannula, the volatiles were removed in- 
vaouo to afford the product as a white solid • Yield: 9,lg/ 
61%r 95% pure. fW; 302;44,. ^^Jp NMR: S: 18 ppm (s) • 

2.3 {Di-l-adasnaHtyl phosphina) trilxydjra boxon. IBorane 
(THF) adduct * {10 cm^r lOmmol) was added to stirred 
solution of di-l-adamantyl phosphine (1.36g, 4:5mmol) in 
THF OOom^) - Stirring for a further 5hrs afforded a 
slightly turbid solu-tion. The volatilas were then removed 
in-vacuo to yield the product as a pure white solid* 



-TT I'lxuri. i-iri-i-cii-inuj l^cjz^-ljzjcucj djLJ.oc'-ttsO't f c: lUl+Wlb^ tiX-H^-H 
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Yield: 1.39g, 98%r 99% pure. FWt 3XS.25. ^^P NMR: 5 41ppin 
idr Jbb 64 Hz) . 

2.4 Synthesis cC 3.^2 bi3 (di-l- 
adamantyiplaosphQr <faoran.e)metjbyi) i>©naBnQ via, cieprotonation. 
w±th ®*'*BuL£ ©jad. roaatiait with aa dicaliloro o-rscyl^ne. To a 
stlff^redr cooled (-78') THF solution ' (SOcm^) of di-1- 
adamantyl phosphine trihydroboron ( 5g,. 15 . Smniol ) , was 
slowly added (via syringe) ^^''BuH (12. 3cjn^r 16 - Smmol) , upon 
full addition th.e solution had a noticeabla yellow 
colouration. The solution was' stirred for 30 minutes at 
- 78° and then allowed to warm to room temperature and stir 
for a further 120 minutes* The solution was then copied to 
-78** and a THF solution (20cm^) of aa dichloro o-Kylene 
was added via cannula. The solution was then allowed to 
warm to room temperature and etirtad for 15 hrs- The 
volatiles where then removed in-vacuo. No further work up 
waa requiffad as LiCl and excess organics are removed 
during the deprotection procedure. Yields 100% 856 pure, 

^^P { ^H} NMR {CDCl3,298K) '5 (d, br) 41 ppm. 
^^B NMR 5 -43 ppra (d, Jbp 44 Ha) 

WMR (CDClsr 29aK) 5 7.8-7.50 ppm {m,br Ar-^H) ^ 6 
7.49-7-00 ppm {m, br Ar-H) r 5 3-3 ppm (d^ CHa) r 5 
2,2-1,2 ppm (m^ CtoHis) 

2.5 SsrntiiQsig of 3.,a-3?is (di- 
adflina.ntylphcaphinomQiJiyl)]beaseKne. via depEotect^ion of 1/2 
bis (di-adaiaaatyXpliaBphor {bor«ia ) snefchjf 1 ) beazeaa w±1:h 



Tetraf luoroboric acid dimethyl ether complex (5 
equivalents^ 12.5nimol5f l*5cin^) was added slowly via 
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syringe to a cooled (O'c) ptirred solution of 1/2 bis (d±- 
adamantylphosphor(borane) methyl benzene (70 esc? 

dichloromethane) . The solution was stirred at O^c for 1 
hour and then allowed to warm to ambient temperature and 
•stir for a further 12 h<i)ura . The reaction mixture was then 
added to a cooled (0*c) saturated solution (degassed) 
NaHCOa solution (5* excess NaHCOa) and stirred vigorously 
for 50 Ktinutea. The organic phase was then extracted with 
2*30 cm' portions of diethyl ether, and added to the DCM 
ejctract. The organic layers were then washed with 2 x 30 
cm^ portions of degassed water and dried over MgSQ*. The 
volatilea were then removed in-vacuo. 



^^P {^H) NMRs8 26.4 ppm (b) . 

15 

NMR {CDCI3, 29aK).S 7.54 ppm (q, Ar-H, Jhh 3-4 Hz), 7.0 
ppm (q/ Ar-IH, Jhh 3.4 Hz), 3.0 ppm <d, br CHa) 1.6-2.1 ppm 
{m,.br CioHis) 



20 Saeample 3 

Pre«paration 1,2 (di-3,B- 

i±ijaathyladaiivantiyli»l*ospfainqoietlr]fl) foeoizeaa (laaiJaod 2). 

3.1 Di-l"{3,S-dixMstiiyladaittaiityl) phosphixjits ohlopi4a was 
25 prepared in accordance with the method of example 2.1 
except using 1,3 diraethyladamantane 21. 7g (0.132 mol) 
instead of adamantane, and AICI3 (18.5gg, 0.14 -mol). 
-Sfield 23. 5g FW: 409.08.. ^^P NMR: 6: 87ppra (s) . 

30 3.2 Di-l^OrBf-diiiiethyiadaiiiantyl) pliosplnine was prepared 
as per 2,2 above except using 25.0 g Oi-l~(3,5- 
dimethyladamantyl) phosphinic chloride instead of di-l- 
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adaraantyl phosphonlc ahloride Yield 1S.7 g FW; 358.58. ♦ 
^^P NMR: S; 15.7ppm (s) . 

3 - 3 Di.-1- £3 , S-ddbnefchyladamantyl) phoaphine} trihydro 
boron was prepared as p^r 2,3 above except using 10*0 g 
D:i-l-(3, 5-dim6thyladarriantyl> ■ phosphine instead of dt-i- 
adamantyl phosphine. Yield 9.5 g ^^P NMR? S: 40.5ppm 

3-4 asrn thesis of 1^2 bis Cdi-3 ^ 5-ciiniQthyladaiiiaiitgrl 
ODorans) methyl) faenzena via d^xrotoxLatioaa witJi ^^'TBulii and 
reaction «rith oca didbloro o-xyJLatva was prepared as per 2.4 

above except- using equimolar amounts ~"o^^ 

adamantyl phosphine . trihydroboron instead of di-1- 

adamantyl phosphine trihydroboron . 

3,B Syntli^aia of 1,2 bis (di-3,5- 

diinsfchyladitaiattl^x'lphoephitt.cmafchyl) berazene via deprotaetion 
of 1,2 bij4 . (di-3^S-d±mathyladaaiantyX 

pHoaphor (bttrarta) utethyl) bexizene with HBF* '0 (MBS) a wa,s 
prepared as per 1,2 bis Cdi-l-adamantylphoiSiphinoitiethyL) 
benzene (2.5) above except by usincr equimolar amounts of 
1,2 bis (di-3r 5-dimethyadamantylphosphor (bppan^)mathyl) 

benzene instead of ^ 1,2 bis [di- 

adamantylphospboF (bojca^e) tnethyi) bsnaene. 

asaiaple 4 ' . - 

Pxepax9Ltioxx ' of 1,2 * bis Cdi-4-tert- 

butyladaniantylphos5>hixxcw^efc^ banzena (msiihiad 2> 



4.x Di-1-^ (4-'tart-butYladainajafcyl) pbospbinic chloride was 
prepared as per Di-l-adamantyl phosphinic chloride 



37 



above except using 4-tert-butyladainantane 25.37g 
(0.132 mol) instead of adamantane, and AICI3 {18.5qg, 
0.14 luol). Yield 22. 6g rw: 464.38.. NMR; 5: 87ppin 

is). 

5 

4.2.1 Di-l-{4-tai:t-33ut5fla.clainan.tyl> phoaphima was 

prepared as per Di:-l"adamantyl phosphine aboves. except 
using 13,5 g Di-1- (4-tert-butyladamantyl) phosphinic 
chloride instead of di-i-adamantyl phosphinic 
10 chloride. Yield 9.4 g- PW; 414.48.. "p NMR: S: 

18. 62ppm (s) . 



4,2.2 Di~l- (4-'t&s€^bai^f±a^gmBa^) pliosphina" J~trii^tiro" 
boton was prepared as per Di-l-adamantyl phosphine 
15 above except usiog 10.0 g Dl-l- (4-tert- 

1 butyladamantyl) phosphine iuistead of di-l-adamantyl 

phosphine. Yield 9.5 g ^^P NMR: 3: 41.6ppm (br) . 

4.2,3 Synthesis bf 1,2 bis .{cUL-4-bert- 

• 20 • butyladamanfcylphosphor {box<9jae)mi»«h^I) banaana via 

darprofconafciaa with "^uLi and r^aotdon with aa 
I dJ.oliloro o-sss-lsas was prepared as par 1,2 bis fdi-1- 

j - adamantylpbosphor(horanejftiethyl) benzene above except 

I" • using equimolar ainaounts of di-1- {-a-tert-- 

25 butyladamantyl) phosphine trihydroboron instead of 

I ' di-l-adamantyl phosphine trihydroboron. 

4.3 Synthaa±a ti£ 1,2 "bis Cdi.-4-fceyt- 

but^Xadlamantsflphosphinomsths-l) benssae via dspxotactioa 
! 3° °^ l>i« {di-4-text-fautyladainajit3rl 

j pbosp2xor(boraa.&>mfitl^l) benssana with. HBF4'0(MBJ2 was 

prepared as per 1,2 bis (di-l-adaraantylphosphinoroethyl) 



: ) 
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benzene above except 1,2 bis (di-4-tert'- 

butyladamantylphosphor (borane } methyl ) benzene was used 
instead of 1^2 bis (di-adamantylphosphor {borane) methyl) 
benzene in equimolax amounts. 
5 . . ■ * 

gj:Qpajraiii,cm of 1^2 bia (1-adbamaixfcyl tert-biityl- 
plaiO^hijftOiittQtlxyl) b€inzeixe (method 2) 

10 S*l* l-adamantylph.osplio;aio acdd djLchlorldte * This compound 
was synthesised according to thei iciethod of Olah et al 
(J. Org. Chera. 1990^ 55, 1224'-1227), 



S.2 a-adamaixtyl phosphiae, LiMH4 (3.5g, 7 4jnnmol) was 
IS added over 2 hrs to a cooled solution (0°C) of X-^ 

^qi^iFJ^»tya,pbP3pl>:pnAc. acid dichJlosride (15g, 59 itimol) in 
THF (2S0 cni^) . Thes reaction was .then allowed to warm 
to ambient • temparature and was stirred for 20 hrs- 
Th(& grey suspension was then cooled (0"C) and HCl (75 
20 cm^, IM) was slowly added via syringe, to afford a 

two phase system with some aolid. present In the lowsx 
phase, cortcfirttrated HCl (Scitt^, llM) was then added to 
isrtprove the separation of the two layers • The (upper) 
THF phase was removed via cannula and dried over 
25 magnesium sulphate* After filtration via cann-ula^ th© 

volatiles were removed in-vacuo to afford the 
product. . 

S-3 Cl-ajaaitiaAfcyl-teaJt-butyl phoisphlne) txihydffo bocon. 
30 nButi (20 cm^, 32 nvmol 1. 6M soln) was added over 1 

hour to a cooled solution of l^adaniQntyl phosphlne 
{5-Og 30 mmol) in THF (100 cm^) The solution was 
allowed to warm to room temperature and stirred for a 
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further 2 hour$- The soluticart was recooled to 0°C and 
tert-butyl chloride {2-78g^ 30 inmol) was ^ad^d and 
stirring- continued for a further 16 hours at room 
temperature. The material was isolated aa the borane 
5 adduct by addition, of Borane (THt*) adduct (30 cm^, 

30mraol) . followed by removal of the solvent. The 
material was isolated aa a white solid which was a 
mixture of isomers i. 

10 5.4 Syiath^^is of 1^2 bia (l-adamantyl--fcert-biityl phosphor 
(borane) zoethyl) b^zezia via deprnolzoixatlon. with ®°°BuIdL 
and ar^actxon. with aa dichloaro o-xylana. The 

~- " "syntfiosi's wa's ea'rri-'ed out— ^as — pe-r — 1-7-2 — ^di^CLn 

adaraantylphosphor (borane ) methyl J benzene above except 
15 equimolar amounts of l-adamantyl'-tert- 

butyl (phosphine) trihydjqoboron were used instead Of ' 
the di-l-adamantyl phosphine trihydroboron . 

5.5 Synthesis of 1,2 bis <l-adamaji.tyl-tert- 
20 butylphosphinomethyl) benzene via depjcotection o£ 

2,, 2 bis C l-ad^a-ntyl- tarfc^bntyl plxp^phax 

(l3oran@i> ^ns-tiiY^) bsnz^^sse «-i.tis £^^4 'O (^^i z - Aa per" 1,2 
bis {di^adamantylphosphorinomethyl) bertxen^ except 
using equimolar amounts o.f 1,2 his (l-^adamantyl-fcert-- 
25 butyl phosphor (borane) methyl) benzene instead of 1^2 
bis) (di-adsman-tylphosphor (borane) methyl) benzene . 

TRyaniple 6 

30 P3rapagat:i.on of ^ bi^ {dX'-l-d^aiaaatan^hoiaye^hlnoaaQt^ 

b6i3.gexxe> DxaniatttanQ =' coagrregggtpe ' 
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6.1 Diaaiaatane. This was synthesised according to the 
metnod of Tamara et. ai- Organic Synthases, CV 6, 378 

6 . 2 Di-1- (<iiama»taii6) pjiosplaiixic . cli.JLoar±de . Prepared as 
per Di-1 -adamant yl phosphinic eUloride except using 
diaroantane 20. Og {0.106 mol) and AICI3 (l^.Og, 0.12 
mol) . Yield 25. 5g FW: 45S.5.. "P NMR: 8: BTppm (s) . 

6.3 Di-1- ( diamant3a»,e) pbosphina. Prepared as per Di^l- 
adamantyl phosphine except using 25.0 g Di-1- 

(diaraantane) ' pnosphinic ctiioride. Yield 14.0 g FW: 

406.. "P NMR: 6: IG.Sppm (-sj . 

6.4 Di.-l-( diaipanlMUie) pUbspliiaei} teilaydro boxon- 
■ Prepared aa per Di-l-adamantyl phoephine' trihydro boron 

~ excspt usingr'1.5V0 g i . dSaspSffilJatoS) '' "I^osE*;irt6 .- 

Yield 14.5 g . '^P NMR: 6; 42.1ppni <br) . 

6.5 SyntshesAs odE 1,2 bia (ijiaiaantane pjioaphor 
(]3orana}ixieth3r]L) beaeeoa via dieprolM>nat4,oa with """BtiLi, 
emd reaafcton with aa dichioxo o-xSrlena. Prepared as 
per 1,2 bis (di-l-adamantylp]tU)sphor (t>orane) methyl ) ' 
benzerxa except using an equiraolar amount of diamantane 
phosphine trihydroboron • instead of di-1-adamantyI 
phosphine trihydroboron. • 

6.6 Syntheiais o£ 1,2 bis <^liaaiantane(phospIxinoiBatIiyl> 
bansena via dqpiro taction of 1,2 i>±& (diamantaua 
<3503rana> methyl) bonpsana with HBP4-0(MB>2. Prepared as 

23 per. Ir2 bis (di-l-adaiuantylphosphino methyl) benzene 
except using an equiraolar amount of L,2 bis diamantine 
phosphor Cbopa-ne) methyl) benzene instead o£ 1,2 bis {di- 
adamantylphosphor{borane) methyl) benzene. 
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Bxamrpla 7 (qonig»A*fatAve) 

PjgfflparatuLan o£ 1,2-toxa- (4ifcer±bntvlp3 iosPli3.nometh.Yl) bencepe 
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The preparation of this ligand was caPFied ouc in the tna^nar 
disclosed in WO 99/^7528 in accordance with example LB. 

Eacaittple 8 (eompayativ^) 

Preparation of 1,3 fais (diadamantyl phosphlno) propane 
Pa-epaxatioa of 1 , 3-bia- (cii-l-adroajitylphosplixno ) p?ropatie 

8.1 Preparation oJf <l-Ad)aKil 



-Bu^Ll -(-2-^ 4ie34a3ies , - A2 ,-0?! ..cmlii'. 1 05.1 mmo l) s addec[ 

dropwis^i via pyringe to a stirred solution of AdgPH (10'.' 53 

15 35.0 imrval) in THF (150 cm^) . this resulted in a 

darkening of the solution to yellow and the precipitation 
of a large quantity ' of yellow solid, in a mildly 
exothermio reaction. The reaction was stirred at ambient 
t^perature for 3 h. The volatile^ wera r^rtioved In-^acuo, 

20 affording a very pale orange solid. The' solid was washed 
with pentane (2 x 50 cm^) to remove excess Bu"Iii^ resulting 
in the isolation of a white powder (washings orange} which 
was dried in-vacuo- The yield for this step was aseujaed to 
be quantitative, ou the basis of previous experiments » 



8.2 Reactio^Oi of 1 , 3'-dibaeomoppopana with 2 ©quiv (l-Ad)2E^i 



1^ S-dibromopropane (degassed, 1*78 cm^, 17.5 inmol) was 
added dropv/ise via syringe to a stirred suspension of 
30 AdaPLi (35.0 mmol, prepared as above) in THF (150 cm^) . 
Initially a yellow solution was formed, then a g^rreat deal 
of white solid crashed out (product) • The volatiles were 
removed xn-vacrjo and dichlorojusthane (300 cm?) added via 
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cannula affording a turbid solution. The turbidity' was 
■ lost on addition of water (degassed, 100 nm^) , a two phase 
system being formed. The lover phase was remov.ed via 
• cannula filtration. Th& volatiles vera removed ia-v&cuo, 
5 affording a white powder, which was washed with pentane 
(100 cm*), dried and isolated in the glovebox. Yield 6.45 
g, 57 %. « 24 ppm/ 95+ % pure. FW =0P MMR: -644.94. 

EKantplta 9 

. adtema»tylS»llO,sphiiiome1^yl)lseazeaae palladiiMft (dba) 



yjljg— ^roO" —dtii^ ) — was -axided— to --a -eonibi-iia-feisn— o-f — 1-ig.and.- ..(.2 .33- 

g, 2.90 romol) and palladium dba (1.61 ^, 2.90 mmol [Pd]) 

15 affording a deep red-orange turbid solution. i:he reaction 
was stirred for 3 h. The reaction was filtered via 
cannula, yielding a - deep red-orange filtrate and a small 
quantity of [PdJ residua. The - volatiles were removed isx- 
vaauo affording a deep red powdery solid. Pentane (50 cm ) 

20 was added via cannula and attrition performed with a 
spatula, resulting in an orange powder separating out. The 
amber pentano vashinge wars removQcl via cannula 
filtration, and . the • aolid washed with EtzO at -10 "C (3 x 
50 cm^) . The resultant orange powder was dried In-vacuo 

2S and isolated in the glovebox. Yield 2.68 g, 88 %. - 46, 
42GPNMR: ppm (1:1 ratio), esaentially phoaphorus pure. 
FW " 1047. 73 » 



30 Saeanpl^ 10 

pBllad4.usi (dba) 
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As in Example 4, except using ligand (1.96 gr 3.0 4 jftinol) 
and palladium dba (1.69 g, 3.04 xmol [Pd]) in THF (70 
cjo?) . After 3 h, the deep red-orange solution was fairly- 
turbid in appearance; an .additional 50 cm^ THE* was added 
to further dissolve the product.. The reaction vas worked- 
up as above ^ except the Et20- washing was performed at 
ambient temperature. The solid was isolated in the 
glovebox as an orange powder. Yield 2.08 q, 69 %, 
42, DP NMRt 38 ppiti (lil ratio, noisy). PW 985.66. 

Experimental 
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— TKe^**~ ."Tca't a1 y's i s~ *experl:nr^ 9- " - ^v/er e — e^>l^;^i-eelr — out - -in a .- 

magnetically stirred 30O ml glaaa Buchi autoclave! unleas 
•otherwise indicated.- The activity of the compounds was 
first tested by generating the catalysts ^ in-altu by 
reacting- two equivalents of ligand with palladium dba {$p 
mg) in methanol (100 ml) followed by addition of MeSOaH 
(10 equiv) - This solution ' was charged to the autocla-ve 
under an inert atmoaph^re- The solution was then heated 
to the required temperature before the addition of 
CO/Bthene to tha required pressure. Tho catalysis was 
performed at 10 bar with' 50/50 CO ethylene at 80 *C for 
2 h. The activity of the xylene and propylene backbone 
adamantyl compounds was compared* .The results are 
collected in Table 2. 

Eafale 2 Preliminary testing of adamantyl substituted 

catalysts 
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Ligand 


Weight gain 


Product (by 






GC) 
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1 — PAdz 

\— PAda 


12.3 g 






61.0 g 


:MeP 



Hence the xylene catalytic system i3 liigbly acti« anxi 
seXeia1:lve far MfeP pxoduefcioa ' essentially providing only 

— — one— p-?rG<iue-1i--by—GC. —An— initial — coirxpaxl^on with the _ljj- 

5 bis ( di--tert "but ylphosphinomethyl) benzene system in the 
a,utoclave was then performed/ ..on an .equimol^ir scale to the 
initial test under analogous conditions. However^ the 
preformed catalysts [L'^li] Pd (dba) were used with no excess 
ligand and the reactions carried out for 3 h. The results 
- 10 are coliiacted in Table 3. ' * 

1ai>la 3 Comparison of adame.ntyl and tert-butyl systems 



Ixigand 


Weight gain 


Product (by 






GC) 




29.6 g 


MeB 










75.7 g 
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10 



under these conditions it appears that the adamantyl 
substituted catalyst is superior in activity / stability 
to the t-'butyl catalyst. 



The reader's attention is directed to all papers and 
documents which are filed concurrently with or previous to 
this specification in connection with this application and 
which are open to public inspection with this 
specification, and the contents of all such papers and 
documents are incorporated h<Ssrein by reference. 



All of the features disclojsed in this specification 
15 (including any acco?npanyirtg claiitis, '-abstraqt and 
drawings)^ and/or all- of the steps of any yp^thod or 
' process so disclosed, may be combined in any combination,r 
except combinations where at least soitie of such features 
and/or steps are routually exclusive. 

20 

Each feature disclosed in this specification (including 
any ar.r.cmpanying claims, abstract and dra-wlngs)^ may be 
replaced by alternative features serving the aamSr 
equivalent or siTPilar purpose, unless expressly stated 
25 otherwise- Thus^ unless expressly . stated otherwise/ each 
feature disclosed is one example only of a generic series 
of equivalent or similar features • 

The invention is not restricted to the details of the 
30 foregoing emJDOdiment (s) . The invention extends to any 
novel one^ or any novel combination, of the features 
disclosed in this specification (including any 
accompanying claimSr abstract and drawings), or to any 
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r^r^X one, or .ay novel combination, of th. Bt,ps of any 
mathod or prooaas so disclosed. 




1 

! 

i 



i 
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1. A catalyst system capable at catalysing the 
5. carbonylation of an ol^finally unsaturated coitjpoundr which 
catalyst system is obtainable by combining: 

(a) a metal of Giroup VIB or Group VIII B or a compound 
thereof! and 

10 (d) a bidentate pho&phine of general formula (J) 



-M-3 



20 



i 15 <Ad)s{CR^R^R«)^ Q^-A"(fC,D)Ar(B,Z)"B-QMAd)^,(CR^R^R^)v 

i 

(I.) 

wherein : 

Ar is a bridging group comprising an optionally 
substituted aryl moiaty to which the phosphorus atoms are 
linked oo available adjacent . carbon atoms; 

A and B each independently represent lower alJcylene; 

2S K, Dr E and 2. are &ubatituents of the aryl moiety (Ar> and 
each independently ^represent hydrogen, lower alkyl, aryl^ 
Het/ halo, cyano, nitro, 0R^°/ OC(0>R^^ C(0)R^^, CCO)OR", 
HR"r^«, C (0).NR^^R^\ C{S) R^^R^% SR^^ C (O) SR^^ or - J- 
Q^(Ad),,(CR" (R°) (R^) )x where J represents lower alkyl^^n^; or 
two adjacent groups selected from z, D and iS together 
with the carbon atoitia of the aryl ring to which they are 
attached form a further phenyl ring, which is optionally 
substituted by one or more substituent3 " selected from 
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hydrogen, lowsr alkyl/ halo, cyano, nitro, OR", 0C{0)R*S 
C{0)R", C(0)0R", NR"R", C(0)NR"r", C(S>R^^R'\ SR" or 

5 to each independently represent lower alkyl, aryl, or 
Het; 

Ad each independently arepreaent an option&lly substituted 
adamantyl radical bonded to the phosphorous atom via any 
one of its tertiary carbon atom^, the said opttonal 
10 substitution being by one or mora substituents selected 
froirt hydrogen, lower alkyl, halo, nyano, nitro, OR*", 
0C(O)R", •C(0)R^, C(0}OR", NR^*R", C(0)MR" r", C(S)r1^R^\ 
~~ Ir" or C(0}.SK*«;— ■■ .. .: 

15 r" to R" each independently represent hydrogen, lower 
alkyl, aryl or Het/ 

S S a = 0, 1 or 2 provided that S -i- O ^ 1; 
0? & V = 0, 1 or 2 provided that T + V ^ 3; 
20 W 4 X « 0, 1 or 2;! 

Q=^, ■ and (when present) eaoh independently represent 
.phosphorous, arsenic or antimony and in the latter two 
caaea references to pbosphine or phosphorous above should 
25 h& varied accordingly. 

■ • 2. A catalyst'" systeia according -to claim 1 wherein^ the 
Group VIII B metal is palladium. 

3, A catalyst system according to any preceding claim, 
30 wherein to each independently Represent lover 

alkyl, aralkyl or aryl. 

4. A catalyst " system according to any preceding claim, 
wherein R* to R* aaeh independently represent Ci to 



I 
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Cs alkyl, Ci-Cg alkyl phenyl (wherein the phenyl 
group is optionally substituted as defined herein) 
or phsAyl (wherein the phenyl group is optionally 
substituted as defined herein) • 
■ S 5. A catalyst system according to any preceding claim, 
wherein each Q^,. q'* and (when present) ar$ the same- 
6- A catalyst syatam according to any preceding clainir each 

Q^, and (when present) raptesents phosphoi:c»u3 . 
7. A catalyst system accordin-g to any preaeding cl^im., 
10 wherein B , and J (when preseat} each Independently 
^represent Ci to alkylene which is optionally 
substituted defined herein, for example with lower 
alkyl groups. 



a . A catalyst systeiti according to any preceding claim/ 
15 wheirein when Kf E or S does not represeaat -J- 

Q^(iVd}„{CR'' (R®) (R^) )xr K, Dr 12 or 2 representa hydrogen^ 
lower alkyl, phenyl or lower alkylphejxyl - 

9, A catalyst system according to -any preceding claim^ 
wherein when &, D, E and 2 together with the carbon 

20 atoms of the aryl ring to which they are attached do not 

form a phenyl ring, K/ E and Z each independently 
represent hydrogen, lower alJcyl, phenyl or lower 
. alkylphenyl, 

10. A catalyst * system according to any of olaiws ISr 
25 wherein when two of K/. E and Z together with the 

carbon atoms Of the aryl ring to which they are attached 
form a pheayl ring, then the phenyl ring is optionally 
substituted with one or more subatituents selected from 
arylr lower alkyl (which alkyl group may itself be 
30 optionally" substituted or terminated as 'defined 

below), R&t, halo, cyano, nltro^ OR^", OC(0)R^\ 

or C(S)NR^^R^"^ wherein R^^ to R^^ each independently 
represent hyd^rogen or lower alkyl (which alkyl 
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group may itself be optionally substituted or 
terminated as defined herein) . 
11. A catalyst system according to any preceding ciaim, 

whefrein B > 1 and u ^ 1^ 
12- A process for the carbonylation of an ethylenically 
unsaturated compound comprising contacting an 
ethylenically unsaturated compound with carbon 
monoxide and a hydroxyl group containing compound 
in the presence of a catalyst syatein in accordance 
with any of cla^ria^ 1-11, 
13, A process accQxdlng to claim 12, wherein the 
hydroxyl giroup containing compound includes water 



or an , pxg^i"«&-Tno1ti9-cui« -harv^-n^-na~4^yd-i?o^-y4" -f uncniona 1 

gxoupr 

15 14- A process according . to claim 13, wherein the 
organic molecule having a hydroxyl functional group 
may be branched ox: linear^ and comprises an 
alkanol, particularly a C1-C30 allcanol, including 
aryl alJcanolS/ which may be optionally substituted 
20 with one or more substituents selected from lower 

alkyl, aryl, Hst, halo, cyano^ nitro, OR^^^ OC(b)R^^, 
C(0)R", C(0)or", nr^^r^^ C(0)NR"r", C(S)r"r1'', sr^^ 
or C(0)SS.^^ as defined herein. 
• 15. A process according to any of claims 12-14 r wherein 
2S the carbonylation of an ethylenically unsaturated 

compound is performed in one or more' aprotic 
solvents. - 

IS. A process according to any of .claims 12-14, wh-esrein 
the reaction is carried out in the absence of any 
external added aprotic solvent ie. an aprotic 
solvent not generated by the reaction it self - 

17. A process according to any of claims 12-16|- wherein 
the anicn may be derived from or introduced as one 
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or raox^ Of an acid hawing a pKa measujred in aqueous 
solution at 18 of Xess than 4. 
18. A process according to any of claims 12-17, wherein 
suitable ethylenically unsaturated compounds include 
ethane, propene, hexene,. vinyl compounds auch aa vinyl 
acetates,, heptane, octene, nonene, decene, lindecene, 
dodacene, etc up to C39 which may be linear or branched, 
cyclic ox uncyclic or part cyclic and in which the 
double bond may take auy suitable poeition in the carbon 
chain and .which includes all stersiaomord thereof. 
19. A catalyst syatem accorditig to any of claims 1-11, 
wherein the catalyst system includes in a liquid 
reaction med ium a polymeric dispersant dissolved 



in a li-quid carrier^ said ":po lymeric " "Bi spef safff 
being capable of stabilising a colloidal suspension 
of particles of the group vi or ^IIIB juetal ox 
metal compound of the catalyst system within the 
liqnuid carrier. 

20. A catalyst syatam according to any of claims 1-11 
or 19, wherein each of the groups to R-^, to R° 

• and r'' to together independently may form cyclic 
structures such aa 1-norbonp.yl or l~norfaornadienyl 

21. A method, of preparation of an , intermedj.ate for a 
bidentate phosphine of general formula (i) ii, 

. accordance with any of claims 1-11, which comprises 
the steps of : . 



reacting the borana protected ' moiety of formula 
CII> 

CAd)»(CR*R?R»)!eQ(BH3)-H (rl) 

wherein Ad, rS r^ r^, q, 3 a^d r are as described 
previously and H is a hydrogen atom; 
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with a compound of formula (llla) 
R*^M <IIIa) 
5 Or Illb 

R^^-M (Illb) 

wherein R*"^ is a branched Ci - Cb alkyl group joined 
10 to the metal Kl at a seconda^ry or tertiary carbon 

and M represents a group lA alkali metal and 

~ — -vrherei-n. -R— .-4^-..ganerar.eid.>jtri .^J^^ . qjx exchange 

reaction between R^'^-Li and KOR^^ or WaOR*^' , wherein 

15 R*^ and R*^* are independently Cj. - Co jalkyl- aryl or 

aralfcyl groups which may be linear or branched to 
produce 



20 "(Ad)B(CR^R®R*^)3!Q(BH3)-M (IV> 

22* jR method according to claim 21, wherein R'**' is 
sesC'-butyl or tert -butyl. 

25 23. A method according to claim 21 or 22, wherein 

M is lithium* 

24 p A method according to any of claims 21 to 23 r 
wherein the intermediate of formula rv is reacted 
30 with the bridging moiety V 

G-A-- (K^ D} Ar (Er Z) -B-G (V) 
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wherein A, K, D, Ar, E, Z and B axe aa already 
defined and G is a halogen radical, preferably 
chlorine; to produce 

iMXiCR'^^K^^-ArQQJ^AxC^^^ (VI ) 

wherein Q~ may t?e the sama or different than q'. 
25. ^ method according to claim 24, wherain the 
method includes ther fuJcther step b£ borane 
deprot ect ion < 

26- A method accoirding to claiin 25^ wherein' the 
borane deprotectipn is effected with 

tetrafluoroboric acid dimethyl ether cpittplex. 

27. A method according to any of clainua 21 to 23^ 
wherein the reaction takes place at less than 80*'C^ 
preferably less than 50°C* 

25, A method according to cla^jii 2 4, wherein the 
reaction takes place at less than SO^C, preferably 
leias than SO^^C. 

29. A caethod o£ preparation of an intermediate for 
a bidentate phos'phine of general formula (I) An - 
accordance with ' any of claims 1-11 r \nrbich comprises 
the steps of: 



reaotixig the borane protected moiety of formula 
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(Ad)a(CR«R^R^)TQ(BH3)-H (ID 



wh^reap Ad. R\ R^ S and T are as described 

previously and H Is a hydrogeonL atom; 
with a compound of formula (llla) 



R^ia {llla> 
10 or Illb 

E^^-M (I lib) 



wherein r"' is a Ci -. Cb alkyl, aryl or acalfcyl 
1,5 . group, Kt represents a group lA alkald, matal and R*"- 

'H has a pKa greater than n-butane and 

wherein R^^-M is generated in situ by an exchange 
reaction between B'^-Li and KOR*^ or NaOR^^ , wherein 
20 R** and ]Ei" are independently a Cz - Cb alkyl, aryl ox 

■ aralkyl group which itiay be lineap or branched. 

30 A method according to claim 29, wherein , 
R^^ and R^^ are Independently seJ.<^cted from a C -C 
25 alkyl Ot: aralkyl radical- 
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A cat:alY;3t system capable of catalysing th& carbonylation 
of an olefinally unsaturated compounci Is described. The 
catalyst system is obtainable by combining: 

{a) a metal of Grpup VIB or Group VIII B or a compound 
thereof: and 

(b) a bidentate phosphine of general formula (I) 



(I) 



(I) 

Ad represents an optionally sub3titu.ted adainajityl 
radical bonded to the phosphorous atom via any one of 
its tertiary carbon atoms ^ A method of production of 
the catalyst is also illustrated. 
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